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(54) VALVE SEAT MADE OF Fe-BASE SINTERED ALLOY EXCELLENT IN WEAR RESISTANCE 

(57) A valve seat made of Fe-based sintered alloy, 
the Fe-t>ased sintered alloy comprising, as a whole 
composition, by weight C: 0. 5 - 2 %, Si: 0.05 - 1 % Si, 
Co: 8 - 16 %, Cr: 2 • 8 %, Mo: 1.5 - 6 %, W: 1.5 - 6 %, 
Ni: 0.5 - 2 %. Nb: 0.05 - 1 %, and calcium fluoride: 1-15 
%. with a balance of Fe and inevitable impurities, 
wherein the Fe-based sintered alloy has such a struc- 
ture that Co-based alloy hard particles A. which com- 
prise Co-Mo-Cr alloy and have high tenr^rature wear 
resistance, and Cr-t>ased alloy hard particles B. which 
comprise Cr-W-Co-Fe alloy and have ordinary tempera- 
ture wear resistance, are dispersed and distrOxited in 
an alloy steel base at a ratio of 6 - 26 area % in a total 
amount and further CaFs are dispersed and distributed 
in the alloy steel base at a ratio of 3 - 45 area ratio like- 
wise, and the Fe-based sintered alloy has a porosity of 
5 - 25 %. Further, copper or copper alloy, or lead or lead 
alloy is infiltrated into the Fe-based sintered. aWof, when 
necessary With this structure, there can be provided a 
valve seat excellent in wear resistance made of the Fe- 
based sintered alloy. 



CO 

m 

CO 

to 

CO 



LU 



OOCID:<EP 0965653A1 i > 



Primad by Xerox (UK) Business Servloes 
2.16.7/3.6 



EP0 965 653A1 



Description 



Technical Field 



[0001 ] The present invention relates to a valve seat made of Fe-based sintered alby, as a structural member for inter- 
nal combustion engines such as diesel engines, gasoline engines and so forth. 

Background Art 

[0002] As disclosed in. for example. Japanese Unexamined Patent Publication No. 55-164063. Japanese Unexam- 
ined Patent Publication No. 58-178073 and the like, there have been proposed many valve seats which are made of 
hard-particle-dispersing type Fe-based sintered alloy as valve seats for internal combustion engines made of Fe-based 
sintered alloy. 

[0003] In contrast, recently, the output of internal combustion engines and the size thereof have been greatly 
Increased, by which valve seats,which are a structural member of the internal combustion engines, are compelled to 
operate in the environment of a higher temperature. However, when the conventional Fe-k>ased sintered alloy valve 
seats and many other valve seats are used in the environment of a higher temperature, they are abruptly worn and the 
life thereof is ended in a relatively short period of time. 



DISCLOSURE OF THE INVENTION 

[0004] To copei with the above problem, the inventors conducted research to develop, from the above point of view, a 
valve seat which exhibited excellent wear resistance even if it was exposed to the environment of a high temperature 
and obtained the following result. As a result of the research, we have developed a valve made of Fe-based sintered 
alloy which comprises, as a whole composition, (hereinafter. % as to composition Is wt%) 



C: 0.5-2%. Si:0.05-1%. 
Co: 8 -16%. Cr:2-8%. 
Mo: 1.5-6%. W: 1.5-6%, 
Ni: 0.5 - 2 %, hJb: 0.05 - 1 %. and 
calcium fluoride: 1-15%, 



with a balance of Fe and inevitable impurities. Further, the Fe-based sintered altoy has such a structure that Co-l>ased 
alloy hard particles A. which comprise Co-Mo-Cr alloy and have high temperature wear resistance, and Cr-based alloy 
hard particles B, which comprise Cr-W-Co-Fe alloy and have ordinary temperature wear resistance, are dispersed and 
distributed in an alloy steel base at a ratio of 6 - 26 area % in a total amount when they are observed on a structure 
photograph recorded by an optical miaosoope as well as the ratio of the hard particles A to the hard particles is 25 - 75 
area % and further calcium fluoride particles are dispersed and distributed in the alloy steel t>ase at a ratio of 3 - 45 area 
ratio likewise, and the Fe-fc>ased sintered alloy has a porosity of 5 - 25 %. As a result, in the valve seat made of the Fe- 
k)ased sintered alloy, since the hard particles A are particularly excellent in high temperature wear resistance, excellent 
wear resistance can be secured even if the valve seat is used at a high temperature. In addition, excellent ordinary tem- 
perature wear resistance can be secured by the hard particles B and the wear resistance can be further more inrproved 
by the lubricating property improving effect achieved by the CaF2 particles. Further, the wear resistance particularly at 
the initial operation of an internal combustion engine and when the internal combustion engine is in operation at a low 
speed can be improved by the cooperation of the lubricating property improving effect and the ordinary temperature 
wear resistance improving effect. As a result, the valve seat exhibits excellent wear resistance as a whole for a long 
time. Further, the thermal conductivity and tfie strength of the Fe-based sintered alloy can t>e improved by the infirtration 
of tiie copper or the copper alloy, whereas, the lubricating property, vibration restricting property and property to cut of 
the Fe-based sintered alloy can be improved by the infiltration of the lead or the lead alloy. 

[0005] The present invention, which has been achieved based on the result of the above research, is characterized 
in a valve seat excellent in wear resistance made of Fe-based sintered alloy, the Fe-based sintered alby comprises, as 
a whole composition, by weight 



C:0.5-2%. Si:0.05-1%. 
Co: 8 -16%. Cr:2-8%. 
Mo: 1.5-6%, W: 1.5-6%, 
Ni: 0.5 - 2 %. Nb: 0.05 - 1 %. and 
calcium fluoride: 1-15%, 
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with a balance of Fe and inevitable Inipurities, wherein the Fe-based sintered alloy has such a structure that Co-based 
alioy hard particles A. which conprise Co-Mo-Cr alloy and have high temperature wear resistance, and Cr-based alloy 
hard particles B, which comprise Cr-W-Ck>-Fe alloy and have ordinary temperature wear resistance, are dispersed and 
distributed in an alloy steel base at a ratio of 6 - 26 area % In a total amount when they are observed on a structure 
5 photograph recorded by an optical microscope as well as the ratio of the hard particles A to the hard particles is 25 - 75 
area % and further calcium fluoride particles are dispersed and distributed in the alloy steel base at a ratio of 3 - 45 area 
ratio likewise, and the Fe-based sintered alloy has a porosity of 5 - 25 %. and copper or copper alloy, or lead or lead 
alloy is infiltrated into the Fe-based sintered alloy, when necessary. 

[0006] The valve seat of the present invention uses alloy steel powder serving as base forming alloy powder which 
10 includes 0.2 - 3 % C, 0.5 - 7 % Ni. 1 - 1 2 % Co. 0.05 - 1 .5 % Nb. and further includes, when necessary, one kind or two 
or more kinds of 0.3 - 6 % Cr, 0.2 - 6 % Mo, 0.5 - 6 % W and 0.1 - 1 % Si, with a balance Fe and inevitable impurities; 
Co-based alloy powder sen/ing as hard particles A forming alloy powder which comprises Co-MorCr alloy including 20 
- 35 % Mo, 5 - 10 % Or and 1 - 4 % Si, with a balance Co and inevitable inpurities; and Cr-based alloy powder sending 
as hard particles B forming alloy powder which comprises Cr-W-Co-Fe alloy including 0.5 - 3 % C. 1 5 - 30 W, 1 5 - 30 % 
IS Co. 5 - 15% Fe, 0.2 - 2 % Nb and 0.2 - 2 % Si. with a balance of Cr and inevitable impurities. These powder materials 
are blended with each other at a prescribed ratio together with CaFa powder which is also prepared as a powder mate- 
rial likewise. They are mixed under ordinary conditions and formed to a prescribed shape with a press and sintered. 
Further, copper or copper alloy, or lead or lead alloy is infiltrated into them, when necessary. The valve seat of the 
present invention is made by the above processes. 
20 [0007] As to the base forming powder material, element powders, or element powders and alloy powders may be used 
in place of the alloy steel powder by blending them so that they have the same composition as that of the alloy steel 
powder. 

[0008] N;^, in the valve seat of the present invention, the reasons why the whole conposition of the Fe-based sin- 
tered alloy constituting the valve seat, the ratio of the hard particles and the CaF2 particles and further the porosity are 
25 defined as described atxive will be described. 

(A) Conposition 

(a) C 

30 

[0009] A component C has an action for strengthen the base metal by being dissolved in the base metal in a solid 
state, for improving the wear resistance of the base metal by forming carbide which disperses in the base metal and for 
improving the wear resistance of the hard particles A and B by being contained in any of them. However, the C content 
in an amount not larger than 0.5 % coukl not obtain a desired improving effect from the action, whereas the C content 
35 exceeding 2 % would abruptly increase a counterpart attracting property. Therefore, the C content is defined to 0.5 - 2 
%. and preferably to 0.8 - 1 .5 %. 

(b) Si 

40 [001 0] A conponent Si has an acton for forming hard intermetallic conpounds by being mainly contained in the hard 
particles A and B and contributing to tiie improvement of the wear resistance of them by it However, the Si content in 
an amount not larger than 0.05 % could not obtain a desired inrproving effect from the action, whereas the Si content 
exceeding 1 % would embrittie tiie hard particles B themselves and deteriorate tiie wear resistance thereby Therefore, 
the Si content is defined to 0.05 - 1 %, and preferably to 0.2 - 0.7 %. 

45 

{c)Co 

[001 1 1 A conponent Co has an action for strengthening the base metal by being dissolved in it in a solid state as well 
as contributing to the improvement of the high temperature wear resistance of the hard particles A. and for strengttien- 
50 Ing the hard particles B by being dissolved in it in a solid state. However, tiie Co content in an amount not larger than 8 
% could not obtain a desired effect from the action, whereas the Co content exceeding 1 6 % would deteriorate the wear 
resistance of the valve seat Hself. Therefore, tiie Co content is defined to 8 - 1 6 %, and preferably to 1 0 - 1 4 %w 

{d)Cr 

55 

[0012] A component Cr has an action for strengtiiening ttie base metal by being dissolved in it in a solid state, for 
improving tiie ordinary temperature wear resistance of the hard particles B by forming carbide and intermetallic com- 
pounds in them by being mainly contained ttierein as a main component and further for cont-ibuting to the inprovement 
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of the high temperature wear resistance of the hard particles A by forming carbide and intermetallic compounds in them 
likewise by coexisting therein with Co. However, the Cr content in an amount not larger than 2 % could not obtain a 
desired effect from the action, whereas, the Cr content exceeding 8 % would deteriorate a sintering property and could 
not secure a desired strength in the valve seat Therefore, the Cr content is defined to 2 - 8 %. and preferably to 4 - 6 %. 

5 

(e) Mo 

[001 3] A component Mo has an action for strengthening the base metal by being dissolved in it in a solid state, and 
for improving the high temperature wear resistance of the hard particles A by being mainly contained in them without 
10 being substantially contained in the hard particles B through the coexistence of it with Co. However, the Mo content in 
an amount not larger than 1 .5 % could not obtain a desired effect from the action, whereas, the Mo content exceeding 
6 % would increase a counterpart attracting property. Therefore, the Mo content is defined to 1 .5 - 6 %, and preferably 
to2.4%. 

J5 (f) W 

[0014] A component W has an action for contributing to the improvement of the ordinary temperature wear resistance 
of the hard particles B by forming caibide and intermetallic compounds in them by being contained therein. However, 
the W content in an amount not larger than 1 .5 % could not obtain a desired effect from the action, whereas, the W con- 
so tent exceeding 6 % would increase a counterpart attracting property. Therefore, the W content is defined to 1 .5 • 6 %. 
and preferably to 2 - 4 %. 

(g) Ni 

25 [001 51 A component Ni has an action for strengthening the hard particles A and B by being contained in any of them. 
However, the Ni content in an amount not larger than 0.5 % could not obtain a desired effect from the action, whereas, 
the Ni content exceeding 2 % would deteriorate the wear resistance. Therefore, the Ni content is defined to 0.5 - 2 %, 
and preferably to 0.8 * 1 .5 %. 

30 (h) Nb 

[001 6] A component Nb has an action for contrfoutnig to the inprovement of the ordinary temperature wear resistance 
of the hard particles B by forming carbide in them by being mainly contained therein. However, the Nb content in an 
amount not larger than 0.05 % could not obtain a desired effect from the action, whereas, the Nb content exceeding 1 
35 % would increase a counterpart attracting property. Therefore, the Nb content is defined to 0.05 - 1 %. and preferably 
to 0.2 -0.7%. 

(i)CaF2 

40 [001 7] A component CaF2 has an action for improving a lubricating property and improving the wear resistance by it. 
and in particular for improving the wear resistance at the Initial operation of an intemal combustion engine and when 
the internal combustion engine is In operation at a low speed through the coexistence of it with the hard particles B. 
However, when the CaF2 content is in an amount not larger than 1 %. the ratio of CaF2 which is dispersed and distrib- 
uted in the base metal would be not larger than 3 area % and a desired effect could not be obtained from the action. 

45 Whereas, when the CaF2 content is In an amount exceeding 1 5 %, the ratio of CaF2 which is dispersed and distributed 
in the base metal would exceed 45 areas % which is excessively large and strength is lowered thereby. Therefore, the 
CaF2 content is defined to 1 - 1 5 %, and preferably to 3 - 10 %. 

(B) Ratio of hard particles 

so 

[0018] As described above, the valve seat is provided with the excellent high and ordinary temperature wear resist- 
ance by the respective hard particles A and B. Therefore, when the ratio of the hard particles A to the hard particles A 
and B is not larger than 25 area %. desired high temperature wear resistance could not be obtained. Whereas, when 
the ratio of the hard particles A exceeds 75 area %. desired ordinary temperature wear resistance could be secured as 
ss well as the wear resistance at the initial operation of an internal combustion engine and when the internal combustion 
engine is in operation at a low speed could not be secured through the coexistence of the hard particles B with the CaFg 
particles. This is because the ratio of the hard particles B is made relatively too small. Accordingly, the ratio of the hard 
particles A is detemnined to 25 - 75 area %, and preferably to 40 - 60 vol%. 
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[001 9] When the whole ratio of the hard particles A and B is not larger than 6 area %. desired wear resistance could 
not be secured. Whereas, when the whole ratio of the hard particles A and B exceeds 26 area %. not only a counterpart 
attacking property would be abruptly increased but also strength would be lowered. Thus, the whole ratio is determined 
to 6 - 26 area %. and preferably to 10 - 20 area %. 

5 

(C) Ratio of CaF2 

[0020] As described above, CaF2 particles have the action for improving the wear resistance by the lubricating prop- 
erty improving effect of them as well as for inrproving the wear resistance at the initial operation of an internal combus- 
10 tion engine and when the internal combustion engine is in operation at a low speed in cooperation with the ordinary 
temperature wear resistance improving effect of the hard particles B. However, when the ratio of the CaF2 particles Is 
not larger than 3 area %. a desired improving effect could not be obtained from the action, whereas, when the ratio of 
the CaPg particles exceeds 45 area %, strength would be lowered. Therefore, the ratio of the CaFa particles is deter- 
mined to 3 - 45 area %, and preferably to 9 - 30 area %. 

15 

(D) Porosity 

[0021] When a porosity is not larger than 5 %, a lubricating property improving effect resulting from an oil maintaining 
effect could not be expected. In addition, copper and copper alloy, or lead and lead alloy would be une\/enly infiltrated 
20 and the effect of the inf Qtration of them could not be sufficiently exhibited. Whereas, when the porosity exceeds 25 %, 
the reduction of strength and wear resistance could not be avoided. Therefore, the porosity is determined to 5 - 25 %, 
and preferably to 10 - 20 %. 

BEST MODE OF CARRYING OUT THE INVENTION 

25 

[0022] The valve seat of the present invention will specifically be described with reference to an example. 
[0023] First base metal forming alloy powders M-1 to M-13. hard particles A forming alloy powders A-1 to A-6. and 
haid particles B forming alloy powders B-1 to B-13 each having the average particle size and the conrposition shown in 
Table 1 to Table 3 were prepared; they were blended with each other according to the combination shown in Table 4, 

30 they were further blended with CaF2 powder, respectively which was prepared as material powder likewise and had a 
partide size of -200 mesh at a prescribed ratio; zinc stearate was added to the resultant powders in the amount of 1 % 
and they were mixed by a mixer for 30 minutes; thereafter, they were pressed to green compacts at a prescribed pres- 
sure within the range of 5 - 7 ton/cm^; then, the green compacts were held at 500^*0 tor 30 minutes and degreased; and 
the green compacts were sintered under the conditions that they were held at a prescribed temperature within the range 

35 of 1 180 - 1250**C for one hour in the atmosphere of a decomposed ammonia gas. With the above processes, the valve 
seats 1 - 13 of the present invention and comparative valve seats 1 • 4 were made, respectively. Each of the valve seats 
was composed of Fe-based sintered alloy which had the whole composition, the ratios of the hard particles and the 
CaF2 policies (measured with an image analyzing apparatus based on structure photographs recorded by a xlOO opti- 
cal microscope) and the porosity shown in Tables 5-8. respectively. Further, each of the valve seats had a dimension 

40 of outside diameter: 34 mm x minimum inside diameter: 27 mm x thickness: 7.2 mm. 

[0024] The ratio of tiie hard particles and further the ratio of the CaF2 particles in the comparative valve seats 1-4 
fall outside the range of the present invention, and thus the whole composition of them falls outside the range of the 
composition of tiie present invention. 

[0025] Furtiier, tiie copper-infiltrated valve seats 1 - 13 of tine present invention and comparative copper-infiltrated 
45 valve seats 1 - 4 were made, respectively in the following manner. That is, the valve seats 1 - 1 3 of the present invention 
and the comparative valve seats 1-4 were used as main bodies; an infiltrating material composed of pure copper, Cu - 
3 % Co alloy (hereinafter, refen-ed to as Cu alloy 1). Cu - 3 % Fe - 2 % Mn - 2 % Zn alloy (hereinafter, reffenred to as Cu 
alloy 2), or Cu • 30 % Zn alloy (hereinafter, referred to as Cu alloy 3) was placed on each of tiie main bodies in the com- 
bination shown in Table 9; and the main bodies were subjected to copper or copper alloy infiltrating processing in tiie 
so above state under tiie conditions that they were held at 1 1 00 ''C for 1 5 minutes in the atmosphere of a mettiane dena- 
tured gas. 

[0026] In the same way, the lead-infiltrated valve seats 1 - 1 3 of tiie present invention and comparative lead-infiltrated 
valve seats 1-4 were made, respectively in the following manner. That is. tiie valve seats 1 - 1 3 of the present invention 
and the comparative valve seats 1 - 4 were used as main bodies; an infiltrating material composed of pure lead, Pb - 4 
65 % Sb alloy (hereinafter, referred to as alloy a), or Pb - 5 % Sn alloy (hereinafter, referred to as alloy b), was placed on 
each of the main bodies in tiie combination shown in Table 1 0; and the main bodies were subjected to lead or lead alloy 
Infiltrating processing under tiie conditions ttiat they were dipped into a batii in which the inf iKrating material was heated 
In a nitrogen atmosphere witti a pressure of 8 kg/cm^ applied to the surfece of tiie heated infiltrating material. 
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[0027] Next, the wear test of the various types of the resultant valve seats was carried out using a tat)le type valve 
seat wear tester under the following conditions, and the maximum worn depth of the valve sheets and the maximum 
worn depth of a valve as a counterpart were measured. 

5 Valve material: SUH-3 

Valve heating temperature: 800''C 
Number of valve seating: 3000 times/nvn 

Atmosphere: comkHJStion gas composed of a propane gas having a pressure of 0.4 kg/cm^ and an oxygen gas hav- 
ing a flow rate of 1 .5 l/min 
10 Valve seat heating temperature (water cooled): 300 - 400*^0 
Seating load: 30 kg 

Test time: 20 cycles each including continuous operation of one hour and interruption of 10 minutes Tables 7-10 
show the resufts of the measurement. 
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Industrial Applicability 

ss [0028] It is apparent from the results shown in Table 4 to Table 10 that any of the valve seats 1 - 13 of the present 
invention, the copper-infiltrated valve seats 1 - 13 of the present invention, and the lead-rnfiltrated valve seats 1 - 13 of 
the present invention exhibits excellent wear resistance with a low counterpart attacking property under a high temper- 
ature operating condition; whereas, when the ratio of the hard particles of the Fe-based sintered alloy which constitutes 
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the valve seats and further the ratios of the hard particles and CaFa fall outside the range of the present invention as 
found in the comparative valve seats 1 - 4, the- comparative copper-infiltrated comparative valve seats 1 - 4, and the 
comparative lead-infiltrated comparative valve seats 1 - 4. the wear resistance is lowered and the counterpart attacking 
property is increased. 

s [0029] As described above, in the valve seat of the present invention, the high temperature and ordinary temperature 
wear resistance is greatly inrproved particularly by the hard particles A and B in the Fe-based sintered alloy which con- 
stitutes the valve seat. Furtiier, the wear resistance at the initial operation of an internal combustion engine and when 
the internal combustion engine is in operation at a low speed is improved by the hard particles 6 and the CaF2 which 
are contained in tiie Fe-based sintered alloy in a coexisted state. Accordingly, the valve seat of the present invention 

10 exhibits excellent wear resistance not only when the internal combustion engine is operated at an ordinary temperature 
but also when it is operated at a high tenperature. 



Claims 



IS 1 . A valve seat excellent in wear resistance made of Fe-based sintered alloy, tiie Fe-based sintered alloy comprising, 
as a whole composition, by weight 



C: 0. 5 - 2 %, Si: 0.05 - 1 % , 
Co: 8 -16%, Cr:2-8%. 
20 Mo: 1.5-6%. W: 1.5-6%. 

Ni: 0.5 - 2 %, Nb: 0.05 - 1 %, and 

calcium fluoride: 1-15%, 



with a balance of Fe arxl inevitable impurities, wherein the Fe-based sintered alloy has such a structure that Co- 
2S based alloy hard particles A, which comprise Co-Mo-Cr alloy and have high temperature wear resistance, and Cr- 
based alloy hard partides B. which comprise Cr-W-Co-Fe alloy and have ordinary temperature wear resistance, are 
dispersed and distributed in an alloy steel base at a ratio of 6 - 26 area % in a total amount when they are observed 
on a structure photograph recorded by an optical microscope as well as the ratio of the hard particles A to the hard 
particles is 25 - 75 area % and furtiier calcium fluoride particles are dispersed and distributed in tiie alloy steel base 
- 30 at a ratio of 3 - 45 area ratio likewise, and the Fe-based sintered alby has a porosity of 5 - 25 %. 

2. A valve seat excellent in wear resistance made of Fe-based sintered alloy, the Fe-based sintered alloy comprising, 
as a whole composition, by weight 

35 C: 0. 5 - 2 %. Si: 0.05 - 1 % , 

Co:8-16%, Cr:2-8%, 
Mo: 1.5-6%, W: 1.5-6%. 
Ni: 0.5 - 2 %. Nb: 0.05 - 1 %, and 
calcium fluoride: 1 - 15%, 

40 

witii a balance of Fe and inevitable impurities, wherein tiie Fe-t>ased sintered alloy has such a structure that Co- 
based alloy hard particles A. which comprise Co-Mo-Cr alloy and have high temperature wear resistance, and Cr- 
k^ased alloy hard particles B. which comprise Cr-W-Co-Fe alby and have ordinary temperature wear resistance, are 
dispersed and distributed in an alloy steel base at a ratio of 6 - 26 area % in a total amount when they are observed 
45 on a structure photograph recorded by an optical microscope as well as the ratio of the hard particles A to the hard 
particles is 25 - 75 area % and further calcium fluoride partides are dispersed and distributed in ttie alloy steel base 
at a ratio of 3 - 45 area ratio likewise, and the Fe-based sintered alloy has a porosity of 5 - 25 %, and copper or 
copper alloy, or lead or lead alloy is infiltrated into the Fe-based sintered alloy. 



so 
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